Background: Autoimmune subepidermal bullous dermatoses have similar clinical features to those of a spectrum of immune reactants at the dermo-epidermal junction (DEJ). It is difficult to obtain a precise diagnosis without an immunofluorescence assay because of their similar clinical presentations. The aim of this study was to describe the cellular cutaneous infiltration among autoimmune subepidermal bullous dermatoses. Materials and methods: This retrospective analysis was conducted at a hospital in Riyadh, Saudi Arabia using biopsy-based data collected from 65 patients. Results: Spongiotic changes, neutrophils, and lymphocyte infiltrations in the epidermis differed among the subepidermal bullous diseases. The DEJ showed a difference in the extent of neutrophil infiltration. The dermis showed differences in perivascular lymphocytic infiltration, neutrophilic infiltration, eosinophilic infiltration, and dermal edema.
Introduction
Autoimmune subepidermal bullous diseases are a heterogeneous group of disorders. They encompass many specific disorders, including the bullous pemphigoid (BP), pemphigoid gestationis (PG), linear IgA bullous dermatosis (LAD), dermatitis herpetiformis (DH), epidermolysis bullosa acquisita (EBA), bullous lupus erythematosus (BLE), lichen planus pemphigoides (LPP), and bullous vasculitis (BV).
Immunofluorescence techniques, direct and indirect, and enzyme-linked immunosorbent assay have a crucial role in diagnosis, but determining the types of inflammatory cell infiltrate is still of great value for differentiating between these disorders. 1 Numerous inflammatory cells (neutrophils, eosinophils, lymphocytes, and plasma cells) have been identified in the upper dermis of patients with these disorders. [2] [3] [4] [5] We performed a detailed histopathologic study of a series of patients with these diseases to identify certain histopathologic features that might help to describe them.
Materials and methods
We conducted a retrospective study using biopsy-based data collected at a hospital in Riyadh, Saudi Arabia. This study was approved by the Institutional Ethical Review Board, College of Medicine, King Saud University. Patients' consent to review their medical records was not required by the Institutional Review Board due to being retrospective in nature and related to histopathology. We assured the confidentiality of all patients.
We utilized histopathologic laboratory reports to identify all patients diagnosed with subepidermal bulbous dermatosis. We examined all biopsies collected between 1997 and 2016 (65 cases). All cases were examined by the dermatology clinic, and histopathologic findings and direct immunofluorescence assays were performed. All the original pathology reports were reviewed and evaluated by a dermatopathologist.
A histopathologic analysis of the biopsies was carried out based on the epidermal, subepidermal, and dermal changes. The presence or absence of acanthosis, parakeratosis, spongiosis, and dermal edema was noted. We also identified the presence of inflammatory cells, including lymphocytes, plasma cells, histiocytes, neutrophils, eosinophils, fibrin, and mast cells. Data were collected and stored in a spreadsheet using Microsoft Excel 2010 ® . Data management and coding were also performed in Excel. The data were analyzed using SPSS ® version 21.0 (IBM Corporation, Armonk, NY, USA). A descriptive analysis was performed using categorical variables presented in the form of frequencies and percentages.
Results
A total of 65 cases of autoimmune subepidermal bullous diseases were diagnosed based on the histopathologic features and direct immunofluorescence assay on skin biopsies. The most common cause was BP (38%), followed by PG (34%), LAD (6%), BLE (6%), EBA (6%), DH (5%), LPP (3%), and BV (2%). The histopathologic features of the different diseases are enumerated and shown in Tables 1-3 and Figures 1-7 , respectively.
The frequencies of each histopathologic finding were investigated for all types of autoimmune subepidermal bullous diseases. Overall, the most significant histopathologic changes were found in the dermal and dermo-epidermal junction (DEJ). Table 1 lists the epidermal changes. Acanthosis was more evident in BP and EBA (12.0% and 25.0% of cases, respectively), and parakeratosis was observed in BP, PG, and DH (8.0% 22.7%, and 33.3%, respectively). Epidermal spongiosis was significantly present in both PG and DH (72.0% and 66.7%, respectively). No significant epidermal inflammatory cell infiltration apart from eosinophilic infiltration (eosinophilic spongiosis) in BP and PG (8.0% and 22.7%, respectively) and neutrophil and lymphocyte infiltration in BLE (25.0%) was noted. Table 2 lists the changes at the DEJ. The LAD, EBA, and BV contained significantly higher levels of neutrophil Table 3 lists the dermal changes. Perivascular lymphocytic infiltrates were significantly found in PG (100%), LPP (100%), EBA (75%), DH (66.7%), LAD (50.0%), BP (32%), and BLE (25%). A significant number of neutrophils were positively correlated with LAD (100%), BLE (100%), EBA (75%), DH (100%), and BV (100%). Eosinophils were highly infiltrated in BP (80%), PG (95.5%), EBA (75%), 
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BinJadeed et al present, the diagnosis of autoimmune bullous disorders is based on immunologic and molecular findings rather than a clinical-or histopathologic-based diagnosis alone. Indirect immunofluorescence, immunoblotting, and immune electron microscopy may have great value in such diagnoses, but these technologies are available only in advanced research laboratories. 8, 9 In this study, 72% of the patients were in the pemphigoid group, which was consistent with the findings of international studies. 10 Although it is difficult to give a precise estimate of the disease incidence of other subepidermal autoimmune bullous dermatoses because of their rarity, an annual incidence DH (66.7%), and LPP (100%), but they were present in only 50% of the LAD cases. However, they were less frequently observed in BLE or not found in BV. Dermal edema correlated significantly with PG (100%), LAD (100%), and BLE (50%); only 28% of BP had dermal edema. Plasma cells, histiocytes, and mast cells did not exhibit any significant differences.
Discussion
The diagnosis of subepidermal autoimmune bullous dermatoses is complex, and there is considerable clinical and histologic overlap between these diseases that necessitates more complicated assays to reach a definite diagnosis. 6 
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Autoimmune subepidermal bullous diseases rate ranging from 0.26 to 0.67 cases per million people per year has been reported for LAD, BLE, and EBA. [11] [12] [13] [14] The incidence of DH ranges from 11.5 to 39.2 cases per 100,000 people. 15, 16 Bullous lesions are very rare in vasculitis, and they reflect the severity of inflammation. 17, 18 In Henoch-Schönlein purpura, the incidence of bullous lesions among patients was roughly 19%. 19 As in other studies, our data indicated how rare these diseases are; their prevalence in our study ranged between 2% and 6%.
All subepidermal autoimmune bullous dermatoses exhibit nonspecific histopathologic changes in the epidermis. Epidermal changes in PG are not rare. A recent study showed increased Toll-like receptor 4 expression in the basal and suprabasal layers of BP lesions, 20 and thickening of the epidermis and hyperkeratosis have been described in a BP model. 21 The epidermis displays edema and focal eosinophilic spongiosis in PG. 22 In our study, we found statistically significant eosinophilic spongiosis changes in 72.7% of the cases of PG; such changes were observed in only 20.0% of cases of BP (Table 1) . Epidermal changes in LAD were rare and not statistically significant, although mild acanthosis has been reported in some cases. 23 In our patients, we did not observe any significant epidermal changes (Table 1) . Other studies have reported epidermal atrophy in BLE and extensive necrosis of the epidermis. 24, 25 We found epidermal spongiosis in 25.0% of our patients ( Table 1 ). The histopathology of EBA depends on whether the presentation is an inflammatory or noninflammatory variant. Eosinophilic spongiosis has been reported in the inflammatory type. 26 Although the epidermis of DH sometimes exhibits neutrophilic accumulation, 27 the primary histopathologic changes are in the papillary dermis. LPP is characterized by the development of classical lichen planus lesions as well as tense bullae over lichenoid lesions and the de novo formation of these features in the uninvolved skin. 28, 29 The histopathologic features of LPP typically depend on the site of biopsy (from the bullous lesion on the top of lichenoid lesions or from the de novo bullous lesions). The epidermal changes in a bullous lesion on the top of lichenoid lesions will show features that are indistinguishable from classical lichen planus, and a de novo lesion may show eosinophilic spongiosis without features associated with lichen planus. [29] [30] [31] [32] [33] The epidermal features of vasculitis appear to depend on the underlying disease, type, and severity of inflammatory cell infiltrations, and they may reveal variations in the extent of spongiosis, neutrophils, or eosinophils. The changes in the DEJ are the primary pathology in autoimmune subepidermal bullous diseases. The distribution and density of the inflammatory cells are very helpful for differentiating between these bullous eruptions. The separation of the DEJ in the pemphigoid groups depends on the accumulation of inflammatory cells, especially eosinophils, neutrophils, and their mediators. 37, 38 A linear arrangement of eosinophils and neutrophils along the DEJ is not uncommon in the pemphigoid group, especially in PG. 39 We have noted a moderate-to-rich eosinophilic cell infiltration and tagging of eosinophils along the basal layer, which was observed in 54.5% and 40.0% of PG and BP patients, respectively ( Table 2 ; Figures 1 and 7) . Infiltration of neutrophils into the DEJ was noted in 16% of BP patients, 8% of whom had lymphocytes ( Table 2 ). On the other hand, LAD is associated with a linear arrangement of neutrophils along the basal layer. 39, 40 We observed neutrophils at the DEJ in 100% of our patients, and these neutrophils were mixed with eosinophils in 50.0% of cases (Table 2; Figure 2 ). However, the presence of eosinophils may lead to a diagnostic confusion between LAD and BP. 41 Primary histopathologic changes in BLE occurred in the DEJ and dermis, which included acute inflammation, interface change, intense leukocytoclastic hydropic basal degeneration, mucin deposition, and neutrophilic microabscesses at DEJ. 24, 42, 43 Neutrophils were the dominant cellular infiltrates in the DEJ in our patients. However, lymphocytic and eosinophilic infiltrates were also present in 25% of cases (Table 2; Figure 5 ). The initial changes observed in EBA are around the DEJ and it is associated with neutro-pilic infiltration. 44 One hundred percent of the specimens in our study exhibited neutrophilic infiltration around the DEJ, which was associated with fibrin deposition in 25% of these cases (Table 2; Figure 6 ).
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The primary histopathologic changes of DH are in the papillary dermis. Piérard microabscesses are the characteristic histopathology changes in the papillary dermis, and this condition is characterized by neutrophilic accumulation. Occasionally, eosinophils occur in the early stage of DH. Furthermore, inflammatory perivascular infiltrates commonly occur, especially in the superficial and medial dermis. Late stages may show fibrin deposition, neutrophil fragments, and edema. [45] [46] [47] [48] [49] In our study, only 33.3% of specimens exhibited neutrophils at the DEJ and the absence of eosinophils ( Table 2 ). The changes in the DEJ in LPP may reflect the clinical types. The primary changes in a bullous lesion on the top of a lichenoid lesion are liquefactive degeneration of basal keratinocytes with a few civatte bodies. On the other hand, similar changes in the classical cases of BP typically occur in the de novo lesion. [29] [30] [31] [32] [33] In our cases, biopsies were taken from de novo bullous lesions and showed almost normal epidermis and scattered basal cell necrotic keratinocytes (Figure 8 ).
Cellular dermal infiltrations typically depend on the stage and severity of the lesions. Early prevesicular lesions of BP often display a significant number of eosinophils and dermal edema of the upper and middle dermis with both superficial and deep perivascular lymphohistiocytic infiltration. On the other hand, inflammatory cells, such as neutrophils, lymphocytes, and mast cells, may be present in the upper dermis of lesions. [50] [51] [52] [53] [54] We characterized general dermal infiltration patterns in the pemphigoid group, and 80%-95% of the biopsies consistently revealed that eosinophils were the predominant dermal inflammatory infiltrate. Furthermore, nearly all of the specimens consistently exhibited perivascular lymphohistiocytic infiltration. The other inflammatory cells that were noted in the histologic specimens included neutrophils (12%-27%), plasma cells (5%-8%), and mast cells (13%, only in PG). Papillary edema was a constant feature in PG, and it occurred in 100% of the cases. In contrast, the occurrence rate was only 28% in BP cases. Cellular dermal infiltrations of LAD were mostly superficial and involved dermal infiltration by the neutrophils with papillary neutrophilic microabscesses and leukocytoclasia. 40, 55 Histopathology is useful for differentiating between LAD and IgA pemphigoid. 56 Our patients exhibited mild neutrophilic and eosinophilic infiltration in the upper dermis, although neutrophilic infiltration was a constant feature in our patients at the DEJ. We also noted a mild perivascular lymphohistiocytic infiltration (Table 3 ). 
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Autoimmune subepidermal bullous diseases Cellular dermal infiltration in BLE mostly involved constant neutrophilic infiltration, papillary edema, and papillary microabscesses. However, lymphocytic infiltration, mild dermal fibrosis, and mucin have also been reported. [24] [25] [26] [27] Our results revealed significant neutrophilic infiltrations in 100% of our patients and eosinophilic infiltrations in 25% of our patients, as well as mild dermal edema in 50% of cases (Table 3) .
Cellular dermal infiltration in EBA can exhibit little inflammatory infiltration within the dermis, especially around the vessels, follicles, and in the interstitium in classical EBA. On the other end of the spectrum, rich neutrophilic infiltrations can be mixed with variable numbers of eosinophils and mononuclear cells in other types of EBA associated with variable fibrosis. 44, 57, 58 Most of our patients had mixed inflammatory cell infiltrations, including neutrophils, eosinophils, incident histiocytes, and perivascular lymphocytic infiltrations ( Table 3 ). The analysis of the cellular dermal infiltration of DH showed that 100% of our patients displayed the presence of neutrophils, 66.7% had eosinophils, and 66.7% had perivascular lymphocytes (Table 3; Figure 4 ). Cellular dermal infiltrations in LPP correlated with the type of lesion from which the biopsy was obtained. The primary histopathologic features in a bullous lesion on the top of a lichenoid lesion were band-like lymphocytes beneath the DEJ, perivascular lymphocytic infiltrations, and scattered eosinophils. In contrast, dermal changes in de novo bullous lesions mostly exhibited dominant eosinophilic infiltrations with few perivascular lymphocytic infiltrations. [29] [30] [31] [32] [33] All of our patients showed eosinophilic infiltrations with perivascular lymphocytic infiltrations and fibrin around the cleft (Table 3) . Neutrophilic or eosinophilic infiltrations are the most common inflammatory cells associated with perivascular infiltrations, extravasated red blood cells, nuclear dust, and fibrinoid necrosis. [34] [35] [36] Our patients exhibited dense neutrophilic infiltrations in the upper dermis associated with perivascular neutrophils, red blood cell extravasations, and fibrinoid necrosis.
Conclusion
The most significant histopathologic changes in subepidermal autoimmune bullous dermatoses were found in the dermal and DEJ. Eosinophil-rich infiltrates are characteristic of the pemphigoid group, and neutrophil-rich infiltrates are observed in LAD, DH, and BLE. EBA typically exhibits a cell-poor subepidermal bulla, and the inflammatory type of EBA reveals mixed neutrophilic and eosinophilic infiltrates.
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